Degenerate PCR primers were used to amplify a conserved gene portion coding chitin synthase from genomic DNA of six species of ectomycorrhizal truffles. DNA was extracted from both hypogeous fruitbodies and in vitro growing mycelium of Tuber borchii. A single fragment of about 600 bp was amplified for each species. The amplification products from Tuber magnatum, T. borchii and T. ferrugineum were cloned and sequenced, revealing a high degree of identity (91.5%) at the nucleotide level. On the basis of the deduced amino acid sequences these clones were assigned to class II chitin synthase. Southern blot experiments performed on genomic DNA showed that the amplification products derive from a single copy gene. Phylogenetic analysis of the nucleotide sequences of class II chitin synthase genes confirmed the current taxonomic position of the genus Tuber, and suggested a close relationship between T. magnatum and T. uncinatum.
Introduction
Truffles are ascomycetous fungi that form ectomycorrhizae in association with the roots of gymnosperm and angiosperm trees [l] . Like many symbiotic fungi, the main steps of their life cycle include ascospore dispersion, germination, formation of heterocaryotic mycelia, establishment of mycorrhizae, and production of hypogeous fruitbodies. During these events they switch from a filamentous growth pattern in hyphae towards the formation of either a tissue-like structure in the mantle or a highly branched pattern in the Hartig net [2] . Little is known about the molecular bases controlling morphogenesis and life cycle progression in truffles. Since the cell wall governs the changing shape of a fungus [3] , and cell wall components have been demonstrated to change from the mycelial to the symbiotic phase [4] , the understanding of the mechanisms of cell wall biosynthesis may offer an insight into fungal morphogenesis.
Chitin, the p-1-4 linked polymer of N-acetylglucosamine, is an important component of fungal cell walls [5] . It has also been located on the truffle walls by using affinity methods in both symbiotic and non-symbiotic structures [6] . Genes for chitin synthases (CHSs), the enzymes involved in chitin biosynthesis, have recently been intensively studied with the help of degenerate primers that recognize short conserved sequences [7] . This strategy has been used to investigate the occurrence of CHSs in three ectomycorrhizal truffles. The deduced amino acid sequences allow us to assign the clones to the CHS classes II. Phylogenetic analysis of DNA sequences was also performed in order to provide new insights about the taxonomic position of the genus Tuber.
Materials and methods

Biological material and DNA extraction
Fruitbodies of Tuber magna&m Pica, T. .ferrugineum Vitt., T. melanospomm Vitt., T. aestivum Vitt., T. excavatum Vitt., and T. borchii Vitt. were collected in Piedmont, Italy. T. borchiz' mycehum, isolated from a fruitbody by Dr. P. Mischiati, Rhizopus stolonzfer (Ehrenb. Fr) Vvill var. stolonifer (type collection No. CLM 102 Dipartimento Biologia Vegetale, Turin, Italy), PSIV, a sterile mycelium with mycorrhizal capacities [8] , and Succharomyces cereuisiae (strain 432 DI. VA. PRA. Turin, Italy) were grown in liquid culture with the appropriate media. To isolate genomic DNA, Tuber fruitbodies and in vitro growing mycelia were processed as described by Henrion et al. [9] .
Southern blot
For Southern blot experiments, genomic DNA was treated with RNaseA (20 pg ml-', 1 h at 37°C) and proteinase K (50 pg ml-', 1 h at WC), followed by phenol/chloroform/IAA extraction [IO] . Finally, DNAs were recovered by precipitation. For each restriction reaction, 10 pg of total DNA were used. Blottings onto positively charged nylon membranes (Boehringer Mannheim) were done in 2X SSC [lo] . Hybridization and detection were done using a probe labelled with DIG DNA labelling kit and a DIG Luminescent Detection kit (Boehringer Mannheim), according to the manufacturer's recommendations.
Polymerase chain reaction conditions
PCR experiments were done using a pair of degenerate primers slightly modified from those published by Bowen et al. [7] and synthesized by Primm The reaction mix contained 10 mM Tris-HCl pH 9, 50 mM KCI, 0.1% Triton X-100, I .5 mM MgCl,, 200 FM of each dNTP, 2 ,uM of each primer and 0.5 U of SuperTaq-polymerase (Staehelin, Basel, Switzerland) in a final volume of 30 ~1. Different dilutions of the extracted genomic DNAs were tested for good amplification results.
An amplification program was run in a Hybaid Omnigene thermal cycler. After an initial denaturation step (3 min at 94°C) forty cycles were run according to the following profile: 1 min at 94°C 1 min at 42°C 1 min at 72°C. A final 5-min extension step at 72°C was routinely used.
Cloning and sequencing
PCR products were purified by agarose gel electrophotesis. Gel slices were excised and the DNA was purified with the Qiaex kit (Promega). The DNA fragments were blunt-ended, and inserted into dephosphorylated SmaI-digested pBluescript SK IIf (Stratagene, La Jolla, CA). Recombinant plasmids were sequenced by the dideoxynucleotide method with the Sequenase 2.0 version (United States Biochemicals, Cleveland, OH), using T3 and T7 primers according to the supplier's recommendations.
The sequences are deposited in the EMBL data bank under the following accession number: Tuber magnatum: X90953; T. borchii: X90954; T. ferrugineum: X90955; Rhizopus stolonzfer: X90956.
Sequences analysis and phylogenetic reconstruction
DNA sequence analyses were performed with PC/GENE package (version 6.85) (IntelliGenetics, Inc. Mountain View, CA).
Maximum parsimony analysis was used to build phylogenetic trees from the variable nucleotide positions in the coding region by the program PAUP 3.0 [I I]. A distance matrix method was also used to verify whether alternative topologies were supported by different tree-building methods. Distance values were computed for all pairs of taxa using the Kimura's two parameters method taking into account different probability between transition and transversion rates. A tree was constructed by stepwise clustering with the Neighbor-Joining method. The Neighbor-Joining (DNADIST and NEIGHBOR) was done in PHYLIP 3.5 programme [12] . Finally, a bootstrap analysis from PAUP was performed to examine the robustness of internal nodes in the trees constructed, using the heuristic search and 1000 replications.
Results
PCR experiments produced a single DNA fragment of about 600 bp from all the Tuber species (fruitbodies and mycelium), as well as from S. ceredsiae and PSIV, used as positive controls. The DNA from R. stnlonifer yielded an amplified fragment of about 650 bp. Hybridization of these PCR samples, using the T. magnatum cloned fragment as a probe, showed an intense signal for all the amplification products derived from Tuber species, suggesting a high sequence homology. No hybridization was detected for R. stolonifer, S. cerevisiae or PSIV (data not shown). The fragments from T. magnatum and T. On the basis of the deduced amino acid sequences, which presented a 2.5% of intraspecific variability, these clones were assigned to class II chitin synthase (Fig. 1) . The sequence for T. uncinatum CHS gene [13] had the same level of homology.
In addition, Southern blot experiments were performed on genomic DNA digested with BarnHI using the T. magnatum cloned fragment as a probe. The hybridization revealed a band of about 1600 bp for T. magnatum, 2000 bp for T. borchii and 2500 bp for T. ferrugineum (Fig. 2) . Further Southern experiments, using different restriction enzymes, showed only a single hybridization signal (data not shown). These data confirm that the amplified fragments derived from the Tuber species belong to single-copy genes.
A phylogenetic analysis of the nucleotide sequences was done comparing sequences of class II CHS from fungi. among which several ectomycor- rhizal species. A maximum parsimony analysis, computed with unordered and unweighted characters, yielded one most parsimonious tree, 136 I steps long, with 0.5 consistency index (Fig. 3) . The tree topology clearly showed Ascomycetes, Basidiomycetes and Zygomycetes as distinct clades. Among Ascomycetes clade, the genus Tuber formed a monophyletic group well-separated from Elaphomyces muricatus. The branching pattern of the tree showed T. borchii as the most basal taxon of the clade, while T. ferrugineum diverged from the lineage leading to the sister species T. magnatum-T. uncinatum. The Ascomycetes clade topology obtained by the Neighbor-Joining method was fully congruent with the most parsimonious tree.
Discussion
Degenerate PCR primers that recognize short conserved CHS gene sequences [7] successfully amplified 600-bp fragments in six truffle species. A CHS homolog was isolated from three Tuber species: clones TumCHSl and TufCHSl were obtained from fruitbodies of T. magnatum and T. ferrugineum, while TubCHSZ was derived from the in vitro growing mycelium of T. borchii. The three homologs belong to the class II of CHS. The only truffle CHS homolog so far investigated is from T. uncinatum
The primers used amplify preferentially CHS II homologs [13] . However, the same experimental approach has shown that other fungi possess CHS genes belonging to other classes [ 13,141. The role of multiple CHSs is still open to discussion: it has been suggested that they may play specialized roles in the differing morphologies of a single fungus, as in the dimorphic Cundidu albicans [15] . In other cases, CHSs belonging to three classes, differently expressed during morphogenesis, have been found in the same monomorphic fungus, such as S. cereuisiae [5] . In the absence of more detailed information concerning truffles, we cannot rule out the presence of additional CHS homologs that cannot be amplified by the primers used, as suggested by Chua et al. for Sporotrix schenkii [ 141.
The nucleotide and the deduced amino acid sequences were highly homologous: 9 1.5% and 97.5%, respectively.
These results are in agreement with those of Mehann et al. [13] who demonstrated that CHS sequences of two Hebeloma species differed in only one amino acid residue out of 200 amino acids.
Fungal CHSs are considered to reflect phylogenetic relationships [7] . CHSs of the three Tuber we investigated, and that of T. uncinatum [ 121 yielded a phylogenetic tree where truffles are grouped within Ascomycetes close to a member of Elaphomycetales (Elaphomyces muricatus). The analysis based on the nucleotide sequences shows that T. magnatum and T. uncinatum form a cluster separated from the other two. High values of bootstrap analysis strongly support this sister-group relationship, confirming the value of nucleotide sequence analysis for the evaluation of evolutionary pattern among closely related species.
Mycorrhizae produced by truffles are morphologically very similar and hard to identify. Their discrimination requires the use of molecular probes based on the amplification of ribosomal DNA [9, 16] . As CHS genes are specific for the fungal partners in mycorrhizal associations, further sequencing of longer and perhaps more variable CHS regions would be a useful mean for truffle identification during the symbiotic phase.
In conclusion, the class II CHS homologs observed in truffle species will be of value in investigating their morphogenesis during their complex life cycle as ectomycorrhizal fungi. They may also serve as molecular tools in determining the phylogeny of truffles, and help in their identification.
